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Abstract
Background: Health-promoting interventions tailored to support older persons to remain in their homes, so-called
“ageing in place” is important for supporting or improving their health. The health-promoting programme “Elderly
Persons in the Risk Zone,” (EPRZ) was set up for this purpose and has shown positive results for maintaining
independence in activities of daily living for older persons 80 years and above at 1- and 2 year follow-ups. The aim
of this study was to explore factors for maintaining independence in the EPRZ health-promoting programme.
Methods: Total of 459 participants in the original trial was included in the analysis; 345 in the programme arm and
114 in the control arm. Thirteen variables, including demographic, health, and programme-specific indicators, were
chosen as predictors for independence of activities of daily living. Logistic regression was performed separately for
participants in the health promotion programme and in the control arm.
Results: In the programme arm, being younger, living alone and self-rated lack of tiredness in performing mobility
activities predicted a positive effect of independence in activities of daily living at 1-year follow-up (odds ratio [OR]
1.18, 1.73, 3.02) and 2-year, (OR 1.13, 2.01, 2.02). In the control arm, being less frail was the only predictor at 1-year
follow up (OR 1.6 1.09, 2.4); no variables predicted the outcome at the 2-year follow-up.
Conclusions: Older persons living alone — as a risk of ill health — should be especially recognized and offered an
opportunity to participate in health-promoting programmes such as “Elderly Persons in the Risk Zone”. Further,
screening for subjective frailty could form an advantageous guiding principle to target the right population when
deciding to whom health-promoting intervention should be offered.
Trial registration: The original clinical trial was registered at ClinicalTrials.gov. Identifier: NCT00877058, April 6, 2009.
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Background
The current trend in Western societies facing a grow-
ing proportion of older persons is to support them to
remain in their homes for as long as possible, so-called
“ageing in place” [1]. This justifies the focus in this
paper, were attention is directed to explore factors that
predict independence in everyday life for community-
dwelling older persons when attending health-promotion
intervention.
Older persons constitute a group whose reserve of
physical strength is decreasing, and whose participation
in activities of daily life (ADL) will deteriorate with
increasing frailty [2, 3]. However, these declines notwith-
standing, engagement in ADL continues and has a bene-
ficial effect on older persons’ sense of self [4]. This
beneficial effect was confirmed by Haak et al. [5], who
also found that independence in ADL among older per-
sons is strongly and positively associated with ageing in
place and that independence is highly valued and rein-
forces feelings of pride and satisfaction. Independence in
ADL is also considered an important indicator of health
[5–7]. Dependence, in contrast, is correlated with an
increased risk of dying [7] and poor quality of life [6]
among older persons. The transition from independ-
ence in ADL to any form of dependency is a crucial
threshold for older persons. Therefore, it is essential to
enable older persons to continue performing daily
activities independently in their own homes even as
frailty progresses. To support or improve health, it is
important to develop effective preventive interventions
tailored to older persons at risk of becoming frail. The
“Elderly Persons in the Risk Zone” (EPRZ) health-
promoting programme [8] has shown positive results
for maintaining independence in daily activities. To
understand the effectiveness of health-promotion for
the target group, it is important to explore which
factors predict a successful outcome in terms of inde-
pendence in ADL in order to offer the intervention to
those who benefit most from it.
A review of health-promotion initiatives targeting
older persons highlighted the lack of evidence for su-
periority of one format of intervention over another [9].
The reported value of one particular format, preventive
home visits targeting older people in ordinary housing,
has varied among different studies [10–12]. Some studies
have documented impact on mortality, nursing home ad-
missions, falls, functional decline, and ADL [10, 13–16];
however, a recent systematic review showed no clear evi-
dence that preventive home visits were effective in
preventing loss of physical and psychosocial function, falls,
nursing home admissions, or death [17]. Another format
is group intervention, but few studies have evaluated the
impact of this intervention. Nevertheless, these studies
have shown positive results [18–20].
The EPRZ health-promoting programme aimed to
prevent limitations in ADL and to support ageing in
place for community-dwelling older persons at risk of
becoming frail. The EPRZ study was a randomized con-
trolled trial (RCT) with follow-ups for up to 2 years, and
was designed to evaluate the impact of two formats of
health-promotion interventions; a preventive home
visit (PHV) and senior group meetings (SM). The re-
sults from this study showed that both formats had
positive effects; the PHV reduced dependency in ADL
at the 1-year follow-up [21], and participants in the
SM experienced both short- and long-term reductions
(3 months, 1- and 2 years) [21, 22]. Qualitative investi-
gations of the EPRZ health-promoting programme add
to these results by showing a generally positive reac-
tion to participation in both intervention formats. The
PHV brought feelings of security and gave participants
an incentive to action [23], and, the SM was perceived as
a key to action, e.g. keep being active in daily life [24].
In conclusion, both health-promotion intervention for-
mats in the EPRZ programme showed positive effects in
slowing dependence in ADL after one year, and the SM
intervention extended this advantage for up to 2 years
[21]. The dissimilar design of the two interventions
might be an explanatory factor for their impact. How-
ever, it is possible that factors beyond the format of
health-promotion intervention could aid in prediction of
a successful outcome in terms of independence in ADL
for older persons (aged ≥ 80 years) at risk of becoming
frail. Other factors, such as demographics (e.g. living
condition and age) or health-related factors, such as
frailty, risk of depression and life satisfaction, might play
crucial roles for the proven favorable effects of health-
promotion for the target group. Therefore, the aim of
this study was to explore factors for maintaining inde-
pendence in the EPRZ health-promoting programme.
Methods
Research design and study population
This study involved secondary analysis of longitudinal data
from the health-promoting RCT EPRZ [8]. The study was
conducted in two urban districts in Gothenburg, Sweden,
in which people over 80 years of age account for 8 % and
7 % of the population, compared with 5 % for Gothenburg
as a whole and for Sweden as a whole. The two districts
are situated outside the city centre but within the city
limits, and contain a mix of single-family houses and
apartment buildings. The general educational levels and
income levels of residents were slightly higher, and the
sickness rates somewhat lower, than in the general popula-
tion of Gothenburg. The EPRZ study was a randomized,
single-blind, three-armed trial (n = 459), with follow-ups
for up to 2 years. The sample was intended to be repre-
sentative of community-dwelling older persons, 80 years
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or older, at risk of becoming frail. Older persons living in
ordinary housing, who were cognitively intact, and who
did not require help from another person in ADL were in-
cluded. A power calculation for the EPRZ study has been
conducted [8]. The study was approved by the regional
Ethical Board in Gothenburg (ref. no: 650–07).
In the EPRZ study, eligible participants were drawn
from official registers of all persons over 80 years of age
in the two urban districts in Gothenburg. Equal numbers
from the two districts were listed in random order. The
persons were included in the sample consecutively
using the simple random sampling chart until the
intended sample size was reached. For the 546 persons
who consented to participate, a total of 459 persons
were included: 174 in the PHV, 171 in the SM, and 114
in the control group. For more information, see the
study protocol [8]. Main focus is on the two formats of
health-promotion interventions (PHV or SM) (n = 345)
due to their success in maintaining independence. The
control group is included to check for similarity of
predictors.
The main aim of the EPRZ health-promoting programme
was to delay the progression of frailty, ADL dependence
and morbidity in older persons at risk of becoming frail
in order to support ageing in place. The programme
was performed in collaboration among an occupational
therapist, a physical therapist, a registered nurse, and a
social worker, all of whom were employed in the two
urban districts. The basic foundation, consistent with a
person-centred [25] and empowerment [26] approach,
was that older persons themselves were seen as experts,
and were encouraged to make autonomous decisions
and, as far as possible, to control their own lives. The
PHV included a single home visit that provided infor-
mation about services available for older citizens in the
urban district, e.g., physical training groups, accessibil-
ity to assistive devices and housing modifications, and
the identification of environmental fall risks in the
home. The PHV was guided by a protocol, which in-
cluded an opportunity to elaborate on certain elements
according to each person’s experience and needs. The
home visit lasted between 90 min and 2 hours. The SM
comprised four senior group meetings followed by one
follow-up home visit after 2–3 weeks. The SM provided
an arena for the exchange of knowledge and informa-
tion, discussion about the ageing process, possible
health consequences, and strategies for solving the vari-
ous problems that may arise in the home environment.
Predetermined themes, outlined in a booklet written in
a popular style by researchers in the field and especially
designed for the intervention, formed a basis for the
meetings [27]. The EPRZ health-promoting programme
was implemented essentially as planned. All partici-
pants assigned to the PHV received the intervention.
Ninety-seven percent of the participants (165 of 171) in
the SM attended all four meetings.
Data at baseline and 1- and 2-year follow-ups, were
collected in face-to-face structured interviews con-
ducted by blinded research assistants during home
visits [8]. All interviews included a comprehensive
assessment (Additional file 1). All interviewers were
well trained in interviewing, assessing, and observing,
according to the guidelines for the different outcome
measurements. To ensure as much standardization of
the assessments as possible, study protocol meetings
were held regularly throughout the study.
Measurements
Dependent variable
Independence of another person in ADLs was assessed
according to a cumulative scale of well-defined personal
and instrumental activities, the ADL staircase [28]. Nine
of the 10 original activities: cleaning, shopping, transpor-
tation, cooking, bathing, dressing, going to the toilet,
transferring, and feeding were used (0–9). The variable
was dichotomised into “Independence” (in all included
activities) and “Dependency” (in any one of the included
activities) in line with the importance of the transforma-
tive threshold from independency to any form of
dependence. Data concerning the dependent variable
were assessed by face-to-face interview and observation
according to guidelines at 1- and 2 year follow-ups.
Explanatory variables
Thirteen explanatory variables (eight health-related, four
demographic, and one programmatic) were selected by
the responsible multidisciplinary research group on the
basis of the importance of their influence on the out-
come measure, which is a recommended practice [29].
The selected health-related variables were: frailty, mor-
bidity, self-rated health, risk of depression, tiredness in
mobility activities, perceived security in ADL, life satis-
faction, and loneliness. Selected demographic variables
were: age (continuous), sex (male/female), living condi-
tions (living alone/cohabiting) and education (lower/
higher, with higher education defined as university or
college). Data on all explanatory variables were collected
at baseline, before participant’s exposure to the health-
promoting programme. For details, see the EPRZ study
protocol [8]. Format of health-promotion (PHV or SM)
was also included as a programmatic variable because of
the differences between the interventions.
Frailty was measured by means of eight core frailty in-
dicators: (1) weakness, operationalised as grip strength
and measured by North Coast dynamometer below
13 kg for females and below 21 kg for males for the
dominant hand, and below 10 kg for women and 18 kg
for males for the non-dominant hand; (2) fatigue,
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defined as an affirmative answer to the question: “Have
you suffered any general fatigue/tiredness over the last
3 months?”; (3) weight loss, defined as an affirmative
answer to the question: “Have you suffered any weight
loss over the last 3 months?”; (4) low physical activity,
defined as 1–2 walks/week or less; (5) poor balance, de-
fined as 47 or lower on Berg’s balance scale; (6) low gait
speed, defined as walking 4 m or less in 6.8 s; (7) visual
impairment, defined as a visual acuity of < 0.5 in both eyes
using the KM chart; and (8) cognition, defined as < 25
points on the Mini Mental State Examination. For more
details, see the EPRZ study protocol [8]. Report of three
or more frailty indicators was, according to recommen-
dations by Fried [30], used as a cut-off for the dichoto-
mization of “Frailty”/”No frailty” in this study.
The Mob-T Scale [31] was used to measure tiredness
associated with performance of the following mobility
activities: (1) walking indoors, (2) getting outdoors, (3)
transferring to or from a bed or chair, (4) walking out-
doors in nice weather and (5) in bad weather, and (6)
managing stairs, with three response options: perform
without tiredness, perform with tiredness, or too tired to
perform the activity. The variable was dichotomised into
“No tiredness” (performing all daily activities without
tiredness) and “Tiredness” (performing any of the daily ac-
tivities with tiredness or too tired to perform the activity).
Morbidity/disability was measured with the Cumula-
tive Illness Rating Scale for Geriatrics (CIRS-G) [32], a
quantitative rating instrument of the chronic medical ill-
ness burden that has been modified for geriatric assess-
ment. CIRS-G contains 14 categories: heart; vascular;
hematopoietic; respiratory; eyes, ears, nose, throat, and
larynx; upper gastrointestinal; lower gastrointestinal;
liver; renal; genitourinary; musculoskeletal; neurological;
endocrine; and psychiatric illness. The rating reflects
both degree of morbidity and disability. The rating scale
ranges from 0–4, with (0) indicating no problem; (1) a
current mild problem or past significant problem; (2) a
moderate disability or morbidity requiring “first line”
therapy; (3) a severe or constant significant disability or
“uncontrollable” chronic problems; and (4) end-organ
failure or severe organ function impairment requiring
extremely critical or immediate treatment. In this study,
consistent with other research [33], ratings of 2 or
greater in each category were recoded as 2, and the vari-
able was dichotomized for each participant as “≤ 2
ratings of 2” and “≥ 3 ratings of 2”.
Self-rated health was measured by the single question
[34]: “In general, would you say your health is: excellent,
very good, good, fair or poor? In this study, “Good
health” was defined as excellent, very good, and good,
and “Bad health” as fair or poor.
Risk of depression was measured by the Geriatric
Depression Scale (GDS) [35]. A Swedish modified
version was used, including 20 items with “yes” or “no”
responses. One point is assigned for each”yes” response.
Scores from 0–5 are interpreted as “No risk of depres-
sion,” and scores above 5 as “Risk of depression” [36].
Perceived security in ADL, from the Instrumental and
Personal Activities of Daily Living (I- and P-ADL) [28],
was used to measure insecurity in bathing, dressing,
going to the toilet, transferring, feeding, cleaning, shop-
ping, cooking and transport. The response alternatives
were (1) secure, (2) fairly secure, (3) insecure, and (4)
very insecure. To dichotomise this variable, the highest
level of perceived security (response alternative 1) in all
included activities was used as a cut-off.
Satisfaction with life as a whole was measured by the
one overall item in the Fugel–Meyer-Life Satisfaction
Assessment (LiSat-11) [37]. The participants estimated
their satisfaction on a six-grade scale, which was dichot-
omised into “Satisfied” (for responses of rather satisfied,
very satisfied, and satisfied) or “Dissatisfied” (for responses
of rather dissatisfied, dissatisfied, or very dissatisfied).
Loneliness was measured with the question: “Do you
feel lonely?”, and dichotomized as “Yes” (for responses
of rarely, sometimes, or often) or “No” (for the response
of never).
Statistical analysis
All 13 explanatory variables were entered into binary lo-
gistic regression with backward elimination of variables
with the smallest contribution to the model to find the
set of independent variables with the highest explanatory
power for ADL. The analysis was conducted per
protocol according to recommended assumptions re-
garding regression [38]. To find out if the explanatory
variables also were valid for the control group; the
same analysis was performed separately for the control
group (n = 114). Statistical analyses were performed
using PASW Statistics, version 22.0 (IBM SPSS Inc.,
Chicago, IL, 2009).
Results
All participants in the sample used for this study were
independent in ADL at baseline. After 1 year, 197 partic-
ipants (57 %) in the programme arm were still independ-
ent, and the number was 130 (38 %) after two years. The
dropout rate was 12 % at 1-year follow-up and 21 % at
2-year follow-up. The main reason for discontinuation,
other than death (n = 12), was non-interest or lack of
time (n = 19). There was no significant difference be-
tween participants and dropouts in demographic data at
baseline. Characteristics of the participants at baseline
are presented in Table 1.
The backward logistic regression showed that being
younger (odds ratio [OR] 1.16), living alone (OR 1.73),
and performing mobility activities without tiredness (OR
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3.02) were baseline predictors of a successful outcome of
the interventions in terms of independence in ADL at
the 1-year follow-up (Table 2).
The regression also showed that being younger (OR
1.13), living alone (OR 2.01), and performing mobility
activities without tiredness (OR 2.02) at baseline were pre-
dictors of successful outcome at the 1-year follow-up
(Table 2). None of the identified predictors that explained
a successful outcome in maintaining independence among
participants exposed to the EPRZ health-promoting
programme explained a successful outcome in the control
group. Instead, in the control group, being less frail (OR
1.6, CI 1–1 to 2.4) was found to be a predictor at 1 year
but there was no predictor found at 2 years (Table 3). For
the control group, 51 persons (45 %) remained independ-
ent in ADL after 1 year, and 40 (35 %) after 2 years.
Discussion
The final model showed, at both 1- and 2-year follow-ups,
that being younger and living alone were explanatory
variables for a positive outcome in ADL for those attend-
ing the health promotion programme. Additionally, lower
self-ratings of tiredness in performing mobility activities at
both follow-ups predicted higher levels of independence
in ADL. None of these were found to be valid for the con-
trol arm. The only predictor found for maintaining inde-
pendence in the control arm was at 1-year follow up;
being less frail.
The fact that living alone was a significant predictor of
outcome at both the 1- and 2-year follow-ups was some-
what unexpected. Research has shown that living with a
spouse in old age is a positive health factor [39], and
that older persons living alone are more likely to report
negative health experiences, for example difficulties in
instrumental and personal ADL [40]. A more intuitive
explanation would be that living with a spouse would
emerge as an explanatory variable, but this was not the
case in our analysis. Instead, the health-promoting
programme appears to have had a greater benefit for
those who lived alone, a known risk group for ill health,
and a group that in this study was found to have a two
times higher chance of independence in ADL two years
after exposure to the interventions than those living
with a spouse. Both health-promoting intervention for-
mats in the EPRZ programme seems to have given par-
ticipants a push in the right direction (an incentive for
healthier lifestyle choices) [23, 24], and may thus have
offered support, at the right time, for this risk group.
An alternative explanation might be that older persons
living on their own, must cope with everyday activities
Table 1 Characteristics of participants in the EPRZ study and
control
Characteristics Program arm
(n = 345)
Control arm
(n = 114)
Median age (range) 85 (80–94) 86 (80–97)
Female, n (%) 224 (65) 69 (61)
Living alone, n (%) 202 (59) 55 (48)
Academic educationa, n (%) 72 (21) 24 (22)
aTertiary education (University or College)
Table 2 Predictors of independence in ADL, at one- and two year follow-ups in the program arm, in the EPRZ study
One year follow-up Two year follow-up
Explanatory variables Prob. Chi-Sq OR 95 % CI Prob. Chi-Sq OR 95 % CI
Demographic
Younger age < 0.00 1.16 1.08 to 1.25 < 0.00 1.2 1.04 to 1.2
Living alone 0.03 1.73 1.07 to 2.79 < 0.00 2.22 1.37 to 3.61
Higher education 0.73 0.9 0.5 to 1.62 0.76 0.91 0.51 to 1.64
Gender 0.44 1.2 0.71 to 2.2 0.92 1.03 0.59 to 1.81
Programmatic
Programme format 0.70 0.9 0.57 to 1.45 0.36 1.24 0.78 to 1.97
Health-related
Lack of tiredness in mobility activities < 0.00 3.02 1.86 to 4.90 0.006 2.02 1.22 to 3.33
Frailty 0.09 0.82 0.65 to 1.03 0.99 1.00 0.57 to 1.76
Morbidity 0.82 1.02 0.86 to 1.21 0.20 0.89 0.75 to 1.06
Self-rated health 0.88 0.95 0.46 to 1.94 0.67 1.17 0.56 to 2.47
Risk of depression 0.38 1.45 0.63 to 3.34 0.36 0.67 0.28 to 1.59
Perceived security in ADL 0.4 0.77 0.43 to 1.40 0.50 1.23 0.67 to 2.51
Life satisfaction 0.06 2.16 0.96 to 4.88 0.7 1.18 0.52 to 2.70
Loneliness 0.69 1.13 0.62 to 2.08 0.73 1.11 0.61 to 2.0
The significant predictors are marked in bold
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on their own and therefore may be more motivated for
behaviour change than those who can rely on a spouse.
The EPRZ programme might have provided them with
tools and strategies for a better and more effective mas-
tering of ADL on their own. Although there may be
other explanations for the finding that living alone was
a predictor, we find the explanation that a known risk
group for ill health was reached and had the most bene-
fit from the health-promoting programme, the most
likely.
Age—specifically, being younger—was also a signifi-
cant predictor at the 1- and 2-year follow-ups. Being
younger, in this context, can be defined as being in the
lower end of the age continuum of participants in the
EPRZ study (median 85.6, range 80–94). This finding
raises the question of timing: at what age should health-
promotion for community-dwelling older persons be
offered for optimal effects? An overly simplified answer
to this question based on the results would be to recom-
mend a lowering of the target age for such interventions
to, for example, 75 years or older. Moreover, research
has shown that those who benefit most from a health-
promotion intervention are those who are not too frail
[41, 42]. Therefore, although frailty did not emerge as a
predictor in our analysis, and considering the relation-
ship between age and frailty [30], variations in the de-
gree of frailty among community-dwelling older persons
[43] need to be taken into account when deciding whom
to target with an intervention. Additionally, according to
qualitative studies [23, 24], an older person’s own opin-
ion of the right timing of a health-promotion interven-
tion is important for the intervention to be perceived as
valuable by the individual. Consequently, a more person-
centred approach [25], in which an older person’s own
perception of the appropriate starting point for health-
promotion is taken into consideration in partnership
(e.g. between the older person and a health care-
professional). An assessment of older persons (tenta-
tively 75–80 years or older) including screening of frailty
and ADL status in combination with age, and taking the
individual’s own opinion of timing into account, might
constitute useful guiding principles for targeting a
health-promotion intervention. Such screening and its
importance for preventive actions are also supported by
others [44]. To conclude, simply lowering the target age
for health-promotion initiatives addressing community-
dwelling older persons will probably not guarantee a bet-
ter outcome if these other factors of frailty, ADL status,
and the individual’s own opinion of timing are not taken
into consideration.
The last exploratory variable to be discussed is tired-
ness during mobility activities. Participants who reported
performing mobility activities without tiredness had
three respective two times greater chance of maintaining
independence in ADL at the 1- and 2-year follow-ups. A
possible explanation could be that tiredness in mobility
activities, as measured by the Mob-T scale [31], captures
an early, self-reported dimension of frailty. As such, the
emergence of this variable as a predictor in our study fits
very well into the above discussion of intervention being
more beneficial for those in early stages of frailty. This
also supports the use of a screening tool as a preface for
proposing a health-promotion intervention to an older
person. Such a screening tool should include an early in-
dicator and subjective measure of frailty, such as the
Mob-T scale. In addition, the experience of fatigue when
performing mobility activities may indicate that an older
person has entered a “sedentary” phase. It is known that
reduced physical activity increases risk of morbidity, such
as cardiovascular disease [45], Osteoporosis [46], Diabetes
[47] and Depression [48]. It is also hard to break a vicious
cycle of fatigue–reduced activity–impaired health, a fact
that may adversely affect health-promotion initiatives for
older persons experiencing tiredness during mobility ac-
tivities. Another possibility is that those who feel tired
during such activities have begun to develop diseases that
are not yet fully visible or diagnosed.
The fact that the format of the intervention (PHV or
SM) did not predict outcomes must be addressed. This
finding is in line with a review of health-promotion in-
terventions targeting older persons, which found no evi-
dence that one format of intervention was better than
another [9]. The review, together with results from the
previously discussed qualitative studies [23, 24], indicates
that the older person’s choice of format, based on per-
sonal needs and preferences, is what ought to dictate the
type of health-promotion intervention.
Table 3 Prob. Chi-Sq for independence in ADL, at one- and
two year follow-ups in the control group
Explanatory variables One year
follow-up
Two year
follow-up
Demographic
Younger age 0.12 0.86
Living alone 0.92 0.21
Higher education 0.68 0.42
Gender 0.32 0.83
Health-related
Lack of tiredness in mobility activities 0.48 0.48
Frailty 0.02 0.65
Morbidity 0.39 0.64
Self-rated health 0.73 0.15
Risk of depression 0.3 0.89
Perceived security in ADL 0.93 0.054
Loneliness 0.09 0.17
The significant predictors are marked in bold
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Finally, since none of the identified explanatory factors
could explain maintaining independence in ADL within
the control group at any follow-up, it strengthens our
findings. These three explanatory factors seem to be par-
ticularly successful factors for those who have a favor-
able intervention outcome. Within the control group,
those being less frail from the start had a higher chance
of maintaining independence. This is not surprising, as
frailty increases with age and the strong relationship be-
tween frailty and dependence in ADL. But, the control
group is small, possibly affecting statistical power. Thus,
this interpretation should be held with some caution.
To summarise, persons 80 years and older are a vul-
nerable group whose reserve of strength is failing, and
just a small change can result in the transition threshold
of becoming dependent in ADL. The health-promoting
programme EPRZ, which offers information about age-
ing and provides tools and strategies to strengthen par-
ticipants’ capabilities to age in place, was set up to
meet this need. This study showed that being younger,
living alone, and performing mobility activities without
tiredness predicted a positive outcome of independence
in ADL after participating in the health-promoting
programme. The identification of predictive factors can
guide the planning of future implementations of EPRZ,
and aid the development and research of similar
health-promoting initiatives. To capture the target
group that benefits most from an intervention is of
value for the society in terms of used resources but
most importantly for the individual in terms of sup-
porting ageing in place.
Regarding the method of this study, there are some
issues that need to be discussed. First, study dropout
rates tend to rise with participants increasing age, and
this may have affected the generalisability of the study’s
results [38]. For the sample in this study, the dropout
rates were 12 % and 21 % at the 1- and 2-year follow-
ups, respectively. These numbers should be considered
acceptable and should not affect generalisation, because
attrition rates of up to 30 % in RCTs including older per-
sons are considered tolerable according to an acclaimed
organisation assessing study quality [49]. Even so, the
dropout rates in combination with the by time lessening
residual group of independent participants constituted a
general motivation for dichotomising variables in this
study in order to achieve robustness of the result.
Clearly, the dichotomisation entails a risk for oversimpli-
fication of actual circumstances, but, this must be
weighted by the fact that the power calculation was done
for the EPRZ RCT, and not for the secondary analyses in
this study.
Also, there is the issue of reasons for attrition. In this
study sample, as well as in the whole EPRZ RCT, the
two main reasons were death and unwillingness to
continue because of a lack of interest or time. The
intention was that EPRZ should comprise a representa-
tive sample of community-dwelling persons 80 years or
older who are at risk of becoming frail. But, it is ques-
tionable whether a possible unfulfilled intention could
impact on the generalisability of the results. The two
main causes for dropout can be seen as extreme ends of
a spectrum, resulting in remaining participants repre-
senting a narrow “middle population” that is neither too
ill (close to death) nor among the most vigorous (lack of
time = healthy and fully occupied). The attrition can thus
be classified as non-random [50], and consequently, gen-
eralisability of results is uncertain. And, although the
study’s longitudinal design contributed to some attrition,
such designs also have several positive effects. In our
secondary analysis, it allowed for observation of the tem-
poral sequence between the baseline and the outcome
after 1 and 2 years. The pattern that the predictors were
invariant over time could not have been detected if a
cross-sectional design had been applied.
There are also specific strengths and weaknesses as-
sociated with the selection of variables for the analysis.
A strength is that during the selection process, the
variables were discussed and debriefed by the respon-
sible multidisciplinary research group, which is a rec-
ommended practice [29]. These discussions were, in
turn, guided by the variables’ described importance of
influence on ADL as an outcome measure [51, 52]. It
is also important to consider a possible impact of a
potential conceptual overlap between two variables
(frailty and morbidity) in relation to ADL. Such over-
lap could pose a risk of multicollinearity effects. How-
ever, this idea is opposed by research showing that
frailty, morbidity, and dependence in ADL are interre-
lated but different concepts [53]. Another potential
conceptual overlap with possible impact on results is
between insecurity in ADL and dependence in ADL.
But, as in the former case, studies show that these two
are mutually distinct, each measuring separate con-
structs [54]. In discussing the variables, it is also im-
portant to highlight that the measures were derived
from well-validated instruments for the dependent as
well as predictor variables.
The last methodological aspect in need of review is
the importance of considering the width of confidence
intervals (CIs) when interpreting results [38]. In gen-
eral, the CI values in this study were rather narrow. A
narrow CI could indicate that the sample represented a
homogenous group [55], an argument that can be sup-
ported by the earlier discussion of possible impact of a
non-random attrition. However, a narrow CI can be
seen as producing a higher precision of the analysis and
less uncertainty in the point estimate, and thereby a re-
sult with higher quality [38].
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Finally, the appraisal of this study’s possible methodo-
logical shortcomings, as well as its outcome, should be
made in the light of two important conditions. First, ac-
cording to our knowledge, this study is the only one of
its kind. We have not found any other study exploring
factors that may predict a successful outcome in terms
of independence in ADL for older persons after partici-
pating in health-promotion. Second, this study includes
a follow-up of up to 2 years. This enhances explanatory
power and makes the contribution to the field of know-
ledge within health-promotion for older community-
dwelling persons more refined than a traditional cross-
sectional study.
Conclusions
Older persons living alone — as a risk of ill health —
should be especially recognized and offered an oppor-
tunity to participate in health-promoting programmes
such as “Elderly Persons in the Risk Zone”. Further,
screening for subjective frailty could form an advanta-
geous guiding principle to target the right population
when deciding to whom health-promoting intervention
should be offered.
Additional file
Additional file 1: Summary of the Elderly Persons in the Risk Zone
(EPRZ) assessment form. (DOCX 42 kb)
Acknowledgements
The authors would like to thank Valter Sundh at the University of Gothenburg
for statistical advice.
Funding
The study was financed by grants from the Swedish Institute for Health Sciences.
Availability of data and materials
The dataset analyzed for this article may be available by special permission
upon written request to the corresponding author in line with the policy at
the University of Gothenburg, Sweden.
Authors’ contributions
SDI was primarily responsible for designing the study and drafting the manuscript.
SG was involved in designing the study, drafting the manuscript, and contributing
to critical revisions during the writing process. KE and KW were involved in
designing the study and contributing to critical revisions during the writing
process. GHG, LZ, SL, and LB contributed to critical revisions during the writing
process. All authors have read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
The study was approved by the regional Ethical Board in Gothenburg
(ref. no: 650–07). All participants provided written informed consent.
Author details
1Department of Health and Rehabilitation, The Sahlgrenska Academy at the
University of Gothenburg, Institute of Neuroscience and Physiology, Box
455SE 405 30 Gothenburg, Sweden. 2Institute of Neuroscience and
Physiology, University of Gothenburg Centre for Ageing and Health
(AgeCap), SE 405 30 Gothenburg, Sweden. 3Department of Health Sciences,
Faculty of Medicine, Lund University, SE 221 00 Lund, Sweden. 4Department
of Geriatrics, The Sahlgrenska University Hospital, Blå stråket 5, SE 413 45
Göteborg, Sweden.
Received: 28 October 2015 Accepted: 28 September 2016
References
1. Chippendale TL, Bear-Lehman J. Enabling “aging in place” for urban
dwelling seniors: An adaptive or remedial approach. Physical and
Occupational Therapy in Geriatrics. 2010;28(1):57–62.
2. Avlund K, et al. Tiredness in daily activities among nondisabled old people
as determinant of onset of disability. J Clin Epidemiol. 2002;55(10):965–73.
3. Reuben DB. Warning signs along the road to functional dependency.
Annual Internal Medicine. 1998;128(2):138–9.
4. Häggblom-Kronlöf G, et al. Experiences of daily occupations at 99 years of
age. Scand J Occup Ther. 2007;14(3):192–200.
5. Haak M, et al. Home as the locus and origin for participation: Experiences
among very old Swedish people. OTJR Occupation, Participation and
Health. 2007;27(3):95–103.
6. Bilotta C, et al. Dimensions and correlates of quality of life according to
frailty status: A cross-sectional study on community-dwelling older adults
referred to an outpatient geriatric service in Italy. Health Qual Life
Outcomes. 2010;8-56.
7. Jakobsson U, Karlsson S. Predicting mortality with the ADL-staircase in frail
elderly. Physical and Occupational Therapy in Geriatrics. 2011;29(2):136–47.
8. Dahlin-Ivanoff S, et al. Elderly persons in the risk zone. Design of a
multidimensional, health-promoting, randomised three-armed controlled trial
for “prefrail” people of 80+ years living at home. BMC Geriatr. 2010;10:27.
9. Beswick AD, et al. Maintaining independence in older people. Rev Clin
Gerontol. 2010;20:128–53.
10. Elkan R, et al. Effectiveness of home based support for older people:
systematic review and meta-analysis. BMJ. 2001;323(7315):719–25.
11. Stuck AE, et al. Home visits to prevent nursing home admission and
functional decline in elderly people: systematic review and meta-regression
analysis. JAMA. 2002;287(8):1022–8.
12. van Haastregt JC, et al. Effects of preventive home visits to elderly people
living in the community: systematic review. BMJ. 2000;320(7237):754–8.
13. Beswick AD, et al. Complex interventions to improve physical function and
maintain independent living in elderly people: a systematic review and
meta-analysis. Lancet. 2008;371(9614):725–35.
14. Gitlin LN, et al. Long-term effect on mortality of a home intervention that
reduces functional difficulties in older adults: results from a randomized trial.
J Am Geriatr Soc. 2009;57(3):476–81.
15. Huss A, et al. Multidimensional preventive home visit programs for
community-dwelling older adults: a systematic review and meta-analysis of
randomized controlled trials. J Gerontol A Biol Sci Med Sci. 2008;63(3):298–307.
16. Sahlen KG, et al. Preventive home visits postpone mortality - A controlled
trial with time-limited results. BMC Public Health. 2006;6:220.
17. Mayo-Wilson E, et al. Preventive home visits for mortality, morbidity, and
institutionalization in older adults: A systematic review and meta-analysis.
PLoS ONE. 2014;9(3)e89257. doi:10.1371/journal.pone.0089257.
18. Beverly EA, et al. Do older adults aged 60–75 years benefit from diabetes
behavioral interventions? Diabetes Care. 2013;36(6):1501–6.
19. Clark F, et al. Embedding health-promoting changes into the daily lives of
independent-living older adults: Long-term follow-up of occupational
therapy intervention. Journals of Gerontology - Series B Psychological
Sciences and Social Sciences. 2001;56(1):P60–3.
20. Scott JC, et al. Effectiveness of a group outpatient visit model for chronically ill
older health maintenance organization members: A 2-year randomized trial of
the Cooperative Health Care Clinic. J Am Geriatr Soc. 2004;52(9):1463–70.
21. Gustafsson S, et al. Long-Term Outcome for ADL Following the Health-Promoting
RCT–Elderly Persons in the Risk Zone. Gerontologist. 2013;53(4):654–63.
22. Gustafsson S, et al. Health-promoting interventions for persons aged 80 and
older are successful in the short term-results from the randomized and
three-armed elderly persons in the risk zone study. J Am Geriatr Soc. 2012;
60(3):447–54.
Dahlin-Ivanoff et al. BMC Geriatrics  (2016) 16:171 Page 8 of 9
23. Behm L, Ivanoff SD, Zidén L. Preventive home visits and health -
Experiences among very old people. BMC Public Health. 2013;13:378. doi:
10.1186/1471-2458-13-378.
24. Behm L, et al. Multi-professional and multi-dimensional group education–a
key to action in elderly persons. Disabil Rehabil. 2013;35(5):427–35.
25. Ekman I, et al. Person-centered care - Ready for prime time. Eur J Cardiovasc
Nurs. 2011;10(4):248–51.
26. Tengland PA. Empowerment: A goal or a means for health promotion?
Medicine. Healthcare and Philosophy. 2007;10(2):197–207.
27. Vårdalinstitutet. Livslots för seniorer, S. Dahlin Ivanoff, Editor. 2009, Vårdalinstitutet.
28. Sonn U, Åsberg KH. Assessment of activities of daily living in the elderly. A
study of a population of 76-year-olds in Gothenburg, Sweden. Scandinavian
Journal of Rehabilitation Medicin. 1991;23(4):193–202.
29. Guba EG. Criteria for assessing the trustworthiness of naturalistic inquiries.
Educ Comm Tech J. 1981;29(2):75–91.
30. Fried LP, et al. Frailty in older adults: evidence for a phenotype. J Gerontol A
Biol Sci Med Sci. 2001;56(3):M146–56.
31. Schultz-Larsen K, Avlund K. Tiredness in daily activities: A subjective measure
for the identification of frailty among non-disabled community-living older
adults. Arch Gerontol Geriatr. 2007;44(1):83–93.
32. Linn BS, Linn MW, Gurel L. Cumulative illness rating scale. J Am Geriatr Soc.
1968;16(5):622–6.
33. Behm L, et al. Positive health outcomes following health-promoting and
disease-preventive interventions for independent very old persons: Long-
term results of the three-armed RCT Elderly Persons in the Risk Zone. Arch
Gerontol Geriatr. 2014;58(3):376–83.
34. Ware JE, et al. SF-36 health survey. Manual and interpretation guide. Boston:
The Health institute, New England Medical Center; 1993.
35. Brink TY. Screening tests for geriatric depression. Clinical Gerontologist.
1982;(8)1:103-12.
36. Gottfries CG, et al. Skala identifierar depression bland äldre. Lakartidningen.
1997;12:1099–102.
37. Fugl-Meyer AR, Bränholm I-B, Fugl-Meyer K. Happiness and domain-specific
lifesatisfaction in adult northern Swedes. Clin Rehabil. 1991;5(1):25–33.
38. Altman DG. Practical Statistics for Medical Research. London: Chapman &
Hall; 1999.
39. Zhu H, Gu D. The Protective Effect of Marriage on Health and Survival:
Does It Persist at Oldest-Old Ages? Journal of Population Ageing.
2010;3(3–4):161–82.
40. Kharicha K, et al. Health risk appraisal in older people 1: Are older people
living alone an ‘at-risk’ group? Br J Gen Pract. 2007;57(537):271–6.
41. Bouman A, et al. Effects of intensive home visiting programs for older people
with poor health status: a systematic review. BMC Health Serv Res. 2008;8:74.
42. Vass M, et al. Feasible model for prevention of functional decline in older
people: municipality-randomized, controlled trial. J Am Geriatr Soc. 2005;
53(4):563–8.
43. Collard RM, et al. Prevalence of frailty in community-dwelling older persons:
A systematic review. J Am Geriatr Soc. 2012;60(8):1487–92.
44. Morley JE, et al. Frailty consensus: A call to action. J Am Med Dir Assoc.
2013;14(6):392–7.
45. Chomistek AK, et al. Relationship of sedentary behavior and physical activity
to incident cardiovascular disease: Results from the women’s health
initiative. J Am Coll Cardiol. 2013;61(23):2346–54.
46. Muir JM, et al. The effect of regular physical activity on bone mineral
density in post-menopausal women aged 75 and over: A retrospective
analysis from the Canadian multicentre osteoporosis study. BMC
Musculoskeletal Disorders. 2013;14:253. doi: 10.1186/1471-2474-14-253.
47. Lee DC, et al. Physical activity and body mass index and their associations
with the development of type 2 diabetes in Korean men. Am J Epidemiol.
2012;176(1):43–51.
48. Chen LJ, et al. Relationships of leisure-time and non-leisure-time
physical activity with depressive symptoms: A population-based study
of Taiwanese older adults. Int J Behav Nutr Phys Act. 2012;9:28.
doi: 10.1186/1479-5868-9-28.
49. SBU. Utvärdering av metoder i hälso- och sjukvården: En handbok. 2 uppl.
Stockholm: Statens beredning för medicinsk utvärdering (SBU); 2014.
[Electronic]; Available from: http://www.sbu.se/globalassets/ebm/metodbok/
sbushandbok.pdf.
50. Little R, Rubin D. Statistical analysis with missing data. New York: Wiley; 1987.
51. Balzi D, et al. Risk factors for disability in older persons over 3-year follow-
up. Age Ageing. 2009;39(1):92–8.
52. Berlau DJ, et al. Disability in the oldest-old: Incidence and risk factors in the
90+ study. Am J Geriatr Psychiatr. 2012;20(2):159–68.
53. Fried LP, et al. Untangling the concepts of disability, frailty, and comorbidity:
implications for improved targeting and care. J Gerontol A Biol Sci Med Sci.
2004;59(3):255–63.
54. Dahlin Ivanoff S, et al. Planning a health education programme for the
elderly visually impaired person - A focus group study. Disabil Rehabil. 1996;
18(10):515–22.
55. Eisenhauer GJ. Explanatory power and statistical significance. Teach Stat.
2009;31(2):42–6.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Dahlin-Ivanoff et al. BMC Geriatrics  (2016) 16:171 Page 9 of 9
